In the present investigation, a detailed experimental study is carried out on a conventional single slope solar still with sand heat energy storage for improving the yield of fresh water. Yield of the solar still depends on the type of energy storage material used in the basin. Yield of the present study is compared with the solar still without any storage medium. Similarly, mathematically correlations of yield as a function of water and basin temperature were depicted. The results show that the use of sand as energy storage in cuboidal boxes the yield of solar still has improved by 145% than that of conventional single slope solar still. The total yield from the solar still with and without energy storage materials was found to be 5.1 and 1.9 kg/m2day respectively.
INTRODUCTION
Solar energy is widely used in various applications such as collector based heating and cooling system, power generation, combined PV/T systems, desalination [1] - [14] . Solar still is the oldest and traditional method of getting fresh drinking water in the coastal area. Ground water near the coastal areas is majorly affected by the sea water which has high saline content [7] - [14] . Researchers identified that not only in the coastal area but upto 60-80 kms surrounding ground water is affected. Due to the lower yield solar still is not widely used and many researches are still going on to improve the yield of fresh water [15] - [25] .
Nagarajan et al. [12] theoretically analyzed the effect of forcing the air over the cover of a triangular pyramid solar still. The optimum velocity of air over the condensing glass surface is one of the important parameter in improving the yield of fresh water. The yield is higher with an optimum velocity of 4.5 m/s on the coastal areas of Tamil Nadu, India and the optimum water mass inside the basin of 20 kg.
Sathyamurthy et al. [16] experimentally investigated a triangular pyramid solar still with latent heat energy storage. Results from their study shows that the use of latent heat energy storage improves the yield from 4.2 to 4.8 kg/m 2 day. Also, the mass of phase change material and water plays a vital role in improving the yield of fresh water. Sathyamurthy et al. [18] theoretically analyzed the effect of baffles in inclined solar still. Theoretical studies show that the effect of baffles increases the exposure area of water and improves the evaporation. Based on the study a new empirical relation of Nusselt number and heat transfer coefficient are arrived with an RHN model. Similarly, for improving the yield of fresh water semi circular trough absorber solar still cum solar water heater has been identified. Results show that a low cost cheap material as absorber and trough with baffles improves the yield of fresh water and water temperature. The higher water temperature can be utilized by coupling it to another solar still for better evaporation with minimal wastage. Harris Samuel et al. [26] experimentally investigated the use of salt heat energy storage in a conventional single slope solar still. Similarly, the yield of solar still is compared with a conventional solar still without modification and with sponges. The results show that the use of sponge material affect the quality of fresh water and frequent replacement of the material has increased the cost of fresh water produced. Naveen kumar et al. [27] theoretically studied the integration of inclined solar still with triangular pyramid solar still. Results show that the improvement in yield completely depends on the temperature of water and the incoming solar energy received by the collector and the solar still.
Even though Omara and Kabeel et al. [28] investigated the use of black and yellow sand as absorber bed material of conventional solar still the yield are found to be 4 and 3 kg/m 2 day respectively. Results show that the maximum hourly yield from the solar still was 0.5 and 0.6 kg/m 2 while using yellow and black sand respectively. Similarly, the yield decreases with an increase in the depth (height) of sand material. Also, the percentage improvement in yield of solar still using black sand is higher than that of yellow sand as bed material.
In the present study, sand material in cuboidal boxes with a specified dimension is taken as sensible heat energy storage for improving the yield of fresh water. Using a calibrated beaker the distillate collected in every hour is measured. Environmental parameters such as solar intensity and wind velocity are measured using an solar power meter and 3 cup anemometer respectively. The detailed error and experimental uncertainty are discussed in Table. 1. A constant water depth of 0.02 m is maintained in the solar still and water is fed into the basin. The equivalent water mass with increased exposure area of water in the solar still is found as 17 kg (dw=0.02 m and Aw=0.85 m 2 ). The experiments are carried out in the North-South orientation while the glass is inclined facing the south direction. The glass of the solar still is inclined at an angle of 13 o coinciding with horizon. Experiments were conducted in a domestic region of Chennai, India from 7 AM to 12 AM and usually carried out on a bright and sunny condition. The variation of wind velocity over the period has vast deviation throughout the year and only the average values of wind velocity is taken into consideration. 
EXPERIMENTAL SETUP
3.1.1. Energy balance on water surface The temperature of water (Tw) is determined as [29] ,
While for the solar still without energy storage material the equivalent water mass is determined as,
The specific heat capacity of saline water (Cpw) is given by [30] 
where, s1, s2, s3 and s4value are appended in Appendix A.1.2.
Energy balance on glass surface
The glass temperature (Tg) is determined as [31] ,
where, Figure 3 and 4 shows the hourly variation of theoretical and experimental variation of basin, water, glass temperatures, yield and solar intensity during the experimental day. It can be seen that the temperature of water in the case of conventional solar still without any storage has lesser temperature as compared to solar still with sand heat energy storage. Even though the same equivalent water mass is maintained inside the basin the maximum water temperature and yield are found as 75 o C and 0.5 kg/m 2 hr respectively and normally 28% and 45% lesser than solar still with sand heat energy storage. storage. Due to the higher heat storage in sand during the off shine period the yield is higher than the previous method. Figure 7 (a) and (b) shows the variation of water and basin temperature with respect to solar intensity using sand heat storage. It can be seen that the water and basin temperature are exactly matching and the maximum temperature of water and basin are observed to be 90 and 92 o C respectively with a solar intensity of 1050 W/m 2 . The characteristic equation using 2 nd order polynomial equation has been derived using the experimental values of water and basin temperature and solar intensity. Figure 9 shows the theoretical and accumulated yield from solar still using sand heat storage. The average yield from the present solar still is 5 kg/m 2 during the months of April, May, June (summer conditions). Whereas, the average yield from solar still during the months of January, February and March (winter conditions) is found as 4.1 kg/m 2 . The deviation between theoretical and experimental value is found as 8% and 3.2% during winter and summer respectively. 
CONCLUSIONS
From the above study, following conclusions are arrived.  The yield of solar still with and without energy storage material are found as 5 and 1.9 kg/m 2 day.  Deviations between theoretical and experimental studies of accumulated yield are found as 12%.  Selection of sensible heat storage material plays an important role in improving the yield of fresh water solar still. Lower the specific heat leads to higher heat gain and continuous rejection of heat into the water for continuous and rapid evaporation from the free surface.  Similarly, the effective temperature difference between water and glass improves the yield of solar still. While analyzing the yield of solar still with energy storage the temperature difference improves by 80% as compared to the solar still without any heat storage. Greek symbols α absorptivity τ Transmissivity
